In the native tissue, the interaction between cells and the extracellular matrix (ECM) is essential for cell migration, proliferation, differentiation, mechanical stability, and signaling. It has been shown that decellularized ECMs can be processed into injectable formulations, thereby allowing for minimally invasive delivery. Upon injection and increase in temperature, these materials selfassemble into porous gels forming a complex network of fibers with nano-scale structure. In this study we aimed to examine and tailor the material properties of a self-assembling ECM hydrogel derived from porcine myocardial tissue, which was developed as a tissue specific injectable scaffold for cardiac tissue engineering. The impact of gelation parameters on ECM hydrogels has not previously been explored. We examined how modulating pH, temperature, ionic strength, and concentration affected the nanoscale architecture, mechanical properties, and gelation kinetics. These material characteristics were assessed using scanning electron microscopy, rheometry, and spectrophotometry, respectively. Since the main component of the myocardial matrix is collagen, many similarities between the ECM hydrogel and collagen gels were observed in terms of the nanofibrous structure and modulation of properties by altering ionic strength. However, variation from collagen gels was noted for the gelation temperature along with varied times and rates of gelation. These discrepancies when compared to collagen are likely due to the presence of other ECM components in the decellularized ECM based hydrogel. These results demonstrate how the material properties of ECM hydrogels could be tailored for future in vitro and in vivo applications.
Introduction
The extracellular matrix (ECM) is a complex mixture of proteins, proteoglycans (PGs) and glycosaminoglycans (GAGs) [1] [2] [3] [4] , which provides cells with a dynamic three-dimensional environment inherent with a nanoscale architecture [5] . ECM components, such as fibrous collagen, have nanoscale structures that are important for cell-matrix interactions via membrane bound integrin proteins [5] [6] [7] . These interactions are essential for cell migration, proliferation, differentiation, mechanical stability, and signaling [6, [8] [9] [10] . The field of tissue engineering aims to create and tailor the extracellular environment by creating custom scaffolds for both in vivo and in vitro studies and applications [11] [12] [13] [14] . One method of scaffold design is to utilize or mimic the native environment, including tissue specific biochemical composition and structure [15] [16] [17] . Mimicking the inherent cell-matrix interactions by creating the appropriate biological and chemical cues can tailor the differentiation, proliferation, migration of cells in vitro and tissue regeneration in vivo [6, 13] .
The most characterized and prominent component of the ECM is collagen. Collagen is a fibrous protein that is used for numerous applications in science and medicine including tissue culture coatings, burn-victim dressings, drug delivery, and cosmetic injections [14, 18] . Native collagen can be processed into an injectable solubilized form, which can selfassemble under certain conditions into a hydrogel with nanoscale fibrous structure [8, 19, 20] . The material properties and cell-matrix interactions of these gels have been well characterized. For example, varying temperature, ion concentration, phosphate content, pH, and material concentration is known to alter gelation kinetics, stiffness, and the nanoscale fibrous architecture of the collagen hydrogels [19] [20] [21] [22] [23] [24] .
Collagen is, however, a single component of the ECM and cannot fully mimic the biochemical complexity of the cells native environment. This limitation has motivated the development of more complex materials including Matrigel, decellularized tissues [17] , and mixtures of single proteins (ie. collagen, fibronectin, elastin) with other ECM components (ie. PGs, GAGs) [8, 11, 13, 25, 26] . Decellularized tissues can be further processed into liquids and used to create gels with porous fibrous nanostructures similar to the collagen hydrogels [27] [28] [29] . Each tissue in the body contains a unique ECM, so decellularized materials have distinctive compositions specific to their tissue of origin [25, 29] . This diversity allows for the development of tissue-specific scaffolds for appropriate cell-matrix interactions. So far, ECM hydrogels derived from small intestinal submucosa (SIS), adipose tissue, bladder, pericardium and myocardium have been reported [29] [30] [31] [32] [33] . The effect of cross-linking on hydrogel stiffness, degradation properties, and cell migration has been examined with an ECM hydrogel [34] ; however, no studies have examined how gelation kinetics, stiffness, swelling ratio, and nanoscale architecture of ECM derived hydrogels can be modulated through altering gelation conditions. Unlike collagen, the modulation of ECM matrix gelation parameters in order to tailor the material properties has not been explored. In this study we aimed to tailor the material properties of a self-assembling ECM hydrogel and investigate the effect of varying temperature, ionic strength, pH, and material concentration on material properties. The ECM material was analyzed with scanning electron microscopy (SEM) to characterize the nano-scale architecture, rheometry to measure stiffness and viscosity, and spectrophotometry to assess gelation kinetics. An ECM hydrogel derived from porcine myocardial tissue was selected for analysis in this study. This myocardial matrix material was developed as a tissue specific injectable scaffold for cardiac tissue engineering [29] . Several injectable materials, including synthetic and naturally derived materials such as the myocardial ECM hydrogel invested here, have shown promise for treating myocardial infarction, and this field has rapidly expanded in recent years [35] [36] [37] [38] .
Methods and Materials

Tissue Decellularization and Material Processing
Porcine myocardial tissue was harvested and decellularized following a modified version of a previously reported protocol [29] . In brief, the left ventricle was sliced into small pieces and decellularized in a solution of 1% (wt/vol) sodium dodecyl sulfate (SDS) (Fischer Scientific, Hanover Park, IL), phosphate buffered saline (PBS), and 0.5% Penicillin/ Streptomycin (GIBCO, Invitrogen, Carlsbad, CA). Once decellularized after 3-5 days with daily solution changes, the tissue was rinsed with water to remove residual SDS then frozen at -80°C. The frozen decellularized material was lyophilized, and milled into a fine powder using a Wiley Mini Mill. The powder was stored at -80°C until needed for use.
ECM Gel Formation
The extracellular matrix material was enzymatically digested by adding a 1 mg/ml solution of pepsin (Sigma, St. Louis, MO) in 0.1 M HCl such that the final concentration of material was 10 mg/ml [29] . The material was digested for 48-60 hours at room temperature with constant stirring until the liquid was homogeneous with no visible particles. The pH (7.4 or 8.5) and salt concentration (0.5×, 1.0×, or 1.5× PBS) was adjusted using 1.0 M NaOH and 10× PBS, respectively, to end with the desired final material concentration (6 mg/ml or 8 mg/ml). The final mixture was then allowed to gel for 24 hours at 4°C, 22°C, or 37°C. Standard conditions are defined as physiological conditions of pH 7.4, 1.0x PBS, and 37°C. Only one parameter (temperature, salt concentration or pH) at a time was varied away from these standard conditions for any of the following experiments.
Scanning Electron Microscopy
The gels were crosslinked with 2.5% glutaraldehyde (Sigma-Aldrich, Grade II, 25%, St. Louis, MO) for 2 hours then dehydrated with a series of ethanol washes of increasing concentration (30%, 50%, 75%, and 100%). After storing overnight in 100% ethanol, the gels were critical point dried from ethanol in CO 2 using a Tousimis AutoSamdri 815A. Samples were mounted and then sputter coated with Chromium (Cr) or Iridium (Ir) using an Emitech K575X Sputter Coater [39] . Imaging was done with a FEI XL30 UHR SEM. All conditions were done in triplicate and images were taken at 5,000× and 20,000×. Three images taken at random locations at 20,000× were used to measure fiber diameter for each sample. The widths of at least 10 distinguishable fibers per image were measured using AxioVision software. An unbiased method was applied to select the fibers to be measured, which involved drawing a series of diagonal lines across the image [40] .
Rheometry: Storage Modulus, Loss Modulus, and Viscosity
Rheological and viscometric measurements were made with a TA Instruments ARG2 Rheometer. Modified from a previous method, a parallel-plate geometry (20mm diameter) at 1.2mm gap height was used on 500 uL gels of the different conditions after 24 hours of gelation [41] . For each condition, the storage modulus (G') and loss modulus (G") over frequencies of 0.04-16 Hz were recorded for every gel condition in triplicate. The storage modulus at 1 rad/s or 0.16 Hz was plotted for each condition.
For viscometric measurements, samples were prepared as discussed earlier and kept on ice until experimentation. The rheometer was preheated and maintained at 25°C. Then 200 uL of sample was loaded into the rheometer set at 500 μm gap height such that sample completely filled the gap. Measurements of viscosity were made over a frequency range of 0.1 -50 Hz as previously reported [42] . The data was best-fit to the following power law: (1) In this equation (η) is the complex viscosity and (f) is frequency, with (k) and (n) being constants.
Swelling Ratio
ECM gels of 250 uL for each condition in triplicate were formed in a 48-well plate for 24 hours at 37°C. The gels were transferred to a 12-well plate and were allowed to swell in PBS for 24 hours. The samples were removed, carefully blotted to remove excess surface liquid, and the total swelled weight was measured (W s ). Then the samples were fully dried using a vacuum desiccator overnight and total dry weight was measured (W d ). Swelling ratios were calculated as: (2) 
Turbidimetric gelation kinetics
Turbidimetric gelation kinetics were determined through spectrophotometric measurements as previously described [43] . First, a Synergy® 4 Multi-Mode Microplate Reader (Biotek) was preheated to 37°C. Then 100 uL of each ECM sample, prepared as previously described, was placed into a 96 well plate in triplicate. Absorbance was measured at 405 nm wavelength every minute for 8 hours or until the data plateaued. Absorbance values were averaged within each group, normalized, and plotted over time. From the normalized plot, a linear fit was applied to the linear region of the plot to calculate the half time of gelation (t 1/2 ), the lag phase (t lag ), and the slope or speed of gelation (S). Half time of gelation was defined as the time when the material reached 50% of the maximum measured absorbance. The lag phase was calculated by finding the time at which the linear-fit was zero for normalized absorbance.
Statistical Analysis
All values were reported as mean ± standard deviation. Samples were run in triplicate and significance accepted at p < 0.05. Significance of the data was assessed using either an unpaired student's t-test or a one-way ANOVA with a Tukey or Dunnett's post-test. Complex viscosity in triplicate were averaged and then fit to the power law (1). Significance for complex viscosity was determined by comparing the two concentrations at 10 Hz.
Results
Effect of Temperature
The gelation temperature is an important parameter for self-assembling hydrogels when considering them as injectable materials for clinical applications, particularly their ability to gel at body temperature. Once processed, the myocardial matrix material is a free flowing liquid and upon increasing the temperature it forms into a gel (figure 1). The material at physiological pH and salt concentrations, when stored at either 4°C or room temperature for 24 hours, remained a liquid. Increasing the concentration from 6 to 8 mg/mL did not result in gelation at these temperatures. However, when incubated at 37°C, the material selfassembled into a gel that maintained shape at both concentrations (figure 1).
Scanning electron microscopy (SEM) was used to assess the presence of a nanoscale fibrous structure at each of the temperatures for both concentrations at standard physiological conditions. The images were used to verify which temperatures produced fibril formations. The SEM images at 20,000× confirmed that the material did not form a nanoscale fibrous network at the two lower temperatures for either concentration whereas at 37°C, fibers were formed (figure 2). The lower two temperatures tested had some singular fibers, but the majority of the material was solid and nonporous as a result of the glutaraldehyde crosslinking during processing for SEM. Both material concentrations at 37°C had clear interwoven networks of linear fibers indicating successful fibrillogenesis. The morphologies for both concentrations at 37°C were similar but showed great variation from location to location when viewed at 20,000×. This fluctuation in local density and morphology is better shown in the 5,000x images in figure 3. Since 4°C and 22°C did not form gels at 6 mg/ml and 8 mg/ml, these groups were not examined in subsequent experiments.
Effect of ionic strength, pH, and concentration
Scanning Electron Microscopy-
The gels under each of the explored conditions were imaged using SEM to confirm fiber formation and analyze the fibrous structure. Gelation and the formation of a nanofibrous structure occurred for the test ranges of salt concentration (0.5× -1.5× PBS), pH level (7.4 -8.5), and concentrations of the myocardial matrix material (6 -8 mg/ml) as confirmed by SEM images at 5,000× in figure 3 . A complex network of nanoscale fibers was consistently formed for each condition. However, each of the gels displayed inhomogeneity of the fiber matrix density; regions of increased and decreased fiber density within a single gel made it difficult to assess the overall fiber matrix from the SEM images. These variations in densities at the nanoscale can be observed in figure 3.
Images were also taken at 20,000× and used to analyze the impact of salt, pH, and material concentration on fiber diameter (figure 4). No statistically significant changes in average fiber diameter were observed when varying each of these parameters (table 1). Average fiber diameter was consistently around 100nm for all conditions with distributions over the range of 30nm to 250nm.
Rheometry: Storage Modulus, Loss
Modulus, and Viscosity-Rheometry was used to measure the storage modulus and loss modulus of the gels at each condition to determine if salt, pH, or material concentration alters the mechanical properties of the gels (table 2). The storage modulus for the four conditions at 6 mg/ml ranged from 2.58-10.23 Pa and the 8 mg/ml gels were 5.94-12.36 Pa. Increasing material concentration from 6 mg/ml to 8 mg/ml consistently produced gels with a trend of higher storage modulus for all conditions, thus increasing concentration leads to stiffer gels. Raising salt concentration lead to a significant decrease in the storage modulus (G') of the 6 mg/ml gels with a similar trend observed for the 8 mg/ml group as shown in figure 5a. When salt concentration was increased from 1.5× PBS to 0.5× PBS the storage modulus more than tripled on average at 6 mg/ml and doubled at 8 mg/ml. The changes in material properties of the gels with alterations in salt concentration were also observed during their handling. This indicates that the concentration of salt ions in solutions impacts the fibrillogenesis of the myocardial matrix leading to changes in the bulk material properties of the hydrogels. When increasing the pH from 7.4 to 8.5 no significant change in the storage modulus was measured for either material concentration (figure 5b). A ten-fold modulation in proton concentration had less of an impact on the storage modulus than decreasing the salt concentration by half. Increased gel stiffness was still observed with increasing material concentration, with significance at both pH 7.4 and pH 8.5. The loss modulus (G") followed the same trends as the storage modulus (table 2). The loss modulus for each of the conditions had a range of 0.467-1.652 Pa and 1.70-2.72 Pa for the 6 and 8 mg/ml samples, respectively. Once again, there was more than a three-fold increase in the loss modulus as the salt concentration decreased from 1.5× PBS to 0.5× PBS for the 6 mg/ml samples and almost doubled for the 8 mg/ml samples. Also, as material concentration was increased there was a consistent trend of increasing loss modulus.
When considering a material for delivery via injection, the viscosity in the liquid state is important. The myocardial material was thus assessed over a range of shear rates and complex viscosity was measured using a rheometer. Complex viscosity for all samples decreased as shear rate increased, providing a linear trend when plotted on a log-log scale. Because of the linear nature of the data on a log-log scale, a power equation (1) was used to fit the data (table 3) . The reported values of (k) and (n) are constants from the power equation used to fit the data. The coefficient of determination (r 2 ) indicates the accuracy of the power equation fit with a value of 1 indicating a perfect fit. Changes in complex viscosity between the different conditions were only observed for different material concentrations with pH and salt concentration having no effect. Increasing the myocardial ECM concentration when in liquid form creates increased intermolecular forces leading to an increase in viscosity. There was a significant increase in complex viscosity when material concentration was increased at standard conditions (p = 0.0001) and this can be observed as vertical shift of the data points in figure 6 . This trend is also confirmed by the increase in the (k) values between the 6 mg/ml and 8 mg/ml samples (table 3) . Since plotted on a log-log scale, the negative values for (n) correlate to the slope and indicate that the material is shear thinning. The (n) values for the 6 mg/ml range from -0.466 to -0.550 and are significantly larger than the 8 mg/ml values, which range from -0.580 to -0.656, and this slight variation in slope can be observed in figure 6 . Because the material is shear thinning, it will have a lower viscosity when experiencing higher shear rates, such as those that occur when passing through a catheter or needle during an injection.
Swelling Ratio
Swelling ratios by mass for the five conditions at both material concentrations are summarized in table 4. The mean values for swelling ratio ranged from 55.7 -58.4 and did not show any significant variation between the groups.
Turbidimetric gelation kinetics
We observed marked changes in gelation when varying salt concentration, and therefore next performed turbidimetric assessment to quantify gelation kinetics. The absorbance of the gels at 405 nm was measured to analyze the turbidimetric gelation kinetics. The results for the material at 6 mg/ml, as absorbance and normalized absorbance plotted over time, are shown in figure 7 . The calculated parameters t 1/2 , t lag , and S from the linear fits are summarized in table 5. The results for 1.5× PBS were omitted because of the long gelation time. After 8 hours, the 1.5× PBS samples did not show an increase in absorbance and when visually inspected had not formed gels. When these gels were further incubated at 37°C for a total of 16 hours, gels were formed. Therefore, gelation time for 1.5× PBS samples ranges from 8 to 24 hours. Changing salt concentration had a significant effect on gelation kinetics. Samples with salt concentrations of 0.5× PBS had a significant decrease of t 1/2 and increase of slope (table 5) . This indicates that lowering salt concentration shortens the gelation time with an increase in the rate of gelation. Thus, the observations of dramatically slower gelation at 1.5× PBS were consistent with these findings.
Discussion
Naturally derived ECM hydrogels have become a new biomaterial of investigation for use as a porous fibrous scaffold that is tissue specific [15, [28] [29] [30] 32] . These hydrogels produced from decellularized tissue can be processed into an injectable liquid material that gels via self-assembly at physiological conditions for pH, temperature, and salt concentration. While the native 3D structure is lost, ECM hydrogels are advantageous over intact decellularized tissues in that they can be delivered minimally invasively through a simple injection. Once gelled, the ECM hydrogels form a complex nanoscale mesh of fibers. This architecture is significant since in the native tissue there are nanoscale cell-matrix interactions via integrins that are important for cellular migration, proliferation, and differentiation [5, 6, 10] . Similar to other nanofibrous materials, ECM hydrogels have a high surface area-to-volume ratio providing increased area for integrin binding [12, 40] . Mauck et al. has emphasized the importance of characterizing tissue engineering constructs from their nanoscale fibrous formations to their macro-level material properties [44] . Scaffolds that provide a nanostructure and biochemical cues designed for tissue engineering and regenerative medicine must be tailored to have the appropriated characteristics and material properties for a given application [6, [12] [13] [14] [15] .
In this study an ECM hydrogel developed from porcine myocardial tissue was more fully characterized to increase the understanding of modulating its material properties. Particular interest was placed on the parameters of gelation including temperature, salt concentration, pH, and material concentration since each has been shown to alter properties of collagen hydrogels. These parameters impacted the final material, which was assessed for gelation kinetics, viscosity, fibrous nanostructure, swelling ratio by mass, and stiffness. Soluble collagen is known to form gels at physiological pH and salt concentrations from 4°C to 37°C [19, 20] . However, the myocardial matrix showed a lack of gelation and fiber formation at lower temperatures (4°C and 22°C), indicating a difference in its response to temperature when compared to collagen. This is a beneficial attribute when considering this material for injection via catheter since it can maintain its liquid form at room temperature and gels once in the body at 37°C [15] .
Each condition explored produced nanoscale fibrous structures with porous architectures when gelled at 37°C as shown in figure 5 . Heterogeneity between different locations in the gels made it difficult to assess the overall tightness of the fiber matrix of each gel. This point-to-point variation in the composition of the myocardial matrix is consistent with results for collagen. Latinovic et al. showed a dramatic change of mechanical properties from location to location in self-assembled collagen gels indicating structural inhomogeneity [45] . It was hypothesized that this variation is due to the mechanism of self-assembly and the importance of nucleation sites for the formation of the fibrous structure [8, 45] . Thus, based off the local SEM images from this study, the overall organization and tightness of the material at the different conditions could not be determined. Analysis of the mean fiber diameter from the SEM images showed a consistent average fiber diameter of around 100nm with the range from below 30nm to over 250nm. The changes of the explored parameters did not lead to a significant shift of fiber diameter distributions. Collagen gels have showed varied fiber diameters depending on the conditions of gelation and have reported values similar to the myocardial matrix hydrogels [8, 19, 22, 23, [46] [47] [48] .
Changes in salt concentration had the most dramatic impacts on stiffness and gelation kinetics. As salt concentration was increased, the rate of gelation decreased and half time of gelation significantly increased. For the 6 mg/ml gels at standard conditions, the material had a t 1/2 , as determined by spectrophotometry, of 67.14 ± 3.40 minutes after incubation at 37°C. But, when concentration was increased to 1.5× PBS gelation took longer than 8 hours. Decreasing the salt concentration to 0.5× PBS rapidly decreased the t 1/2 down to 21.27 ± 2.33 minutes. The change in gelation kinetics with salt concentration was consistent with collagen [49] , and was also concurrent with a significant change in gel stiffness. Increasing the salt concentration lead to a decrease in the storage modulus of the gels ( figure 3 ). It has previously been shown that the stiffness of a gel or scaffold can impact cell fate [50] , and thus being able to modify this material property may be advantageous.
When increasing pH from 7.4 to 8.5 there was no significant change in storage modulus. Collagen, on the other hand, has shown changes in mechanical properties when pH levels are altered, with increasing stiffness as the pH is increased [49] . However, Rosenblatt et al. had an inversion of this trend for their collagen gels formed at the 25°C compared to 20°C [20] . Williams et al. and Harris and Reiber noted changes and a decrease in fiber formation quality at high pH [19, 51] , which was not observed for the myocardial matrix from pH 7.4 to 8.5. Li et al. explored collagen gels over a pH range of 6.6 to 8 with a trend of increasing fiber diameter as assessed with transmission electron microscopy [47] ; however, the myocardial matrix did show a significant change in fiber diameter over the tested parameters. Differences in the material, when compared to collagen, were expected because of the biochemical and structural importance of PG and GAG in the matrix formation [5, 8, 25, 52] . The presence of collagen along with other ECM components in the myocardial matrix material has been previously shown [53, 54] .
When either pH or salt concentration was varied, the impact of altering material concentration in the gels was consistent. Increasing material concentration lead to a trend of increasing the storage modulus and a significant increase in complex viscosity, which is consistent with collagen [55] . Gobeaux et al. showed changes in collagen fiber diameter with increasing concentration over large changes at high concentrations from 50-1000 mg/ ml [22] . For the myocardial matrix material no significant increase in fiber diameter was observed as material concentration increased.
It was shown for all samples in liquid form at 25°C that as shear rate increased, there was a decrease in complex viscosity. This phenomenon is known as shear-thinning, which also occurs with collagen when in the liquid form [31, 42] . Complex viscosity of the material at 25°C changed only with material concentration, and not with salt concentration or pH. Viscosity is defined as the resistance of flow to a fluid and is affected by the degree of intramolecular and intermolecular interactions. The increase of complex viscosity at higher material concentration can be explained by an increase in intermolecular forces [42] . Although mechanical strength, gelation kinetics, and viscosity were altered it was shown that the swelling ratio by mass is maintained for all conditions. The mass of the material increased by a factor of over 55 times its original weight when transitioning from a dry powder into a hydrogel. The standard deviations for the swelling ratios had a range of 2-20% of the mean value. Thus, the variation between the groups might have been masked by the large discrepancies within any given group.
The myocardial matrix derived ECM gel was consistent with several material property trends seen with collagen hydrogels. Both materials in liquid form are shear thinning and once over a temperature threshold form into a heterogeneous nanofibrous mesh. The trend of increasing gel stiffness and gelation kinetics when decreasing salt content was conserved. Also, increasing material concentration leads to an increase in viscosity and consequently gel stiffness for the myocardial matrix and collagen. The myocardial ECM is known to be predominately collagen, and given the similarities in material properties between the myocardial matrix and collagen gels, the main driving force for the self-assembling aspect of the myocardial material is likely its inherent collagen components. However, differences in the material when compared to collagen were observed in that the material did not show a significant increase in storage modulus when pH was increased to 8.5 and average fiber diameter did not alter for any of the conditions explored. Also, even though the same trends were conserved for gelation kinetics, the temperature of gelation and the actual times and rates of gelation varied. Variation from collagen gels was expected since the myocardial matrix hydrogel has previously been shown to contain other ECM components including sulfated GAGs [29, 54] .
Conclusion
Tailoring material properties, as commonly explored for collagen hydrogels, by varying gelation parameters had not been previously investigated for decellularized ECM based hydrogels. From this study we were able to modulate the material properties of the naturally derived ECM material developed from porcine myocardial tissue. Gelation can be inhibited by maintaining the material at or below 22°C, but once brought to body temperature of 37°C, gelation is initiated. Once at 37°C the rate of gelation can be controlled and increased from ~20 minutes to over 8 hours by increasing salt concentration. This increase in salt concentration, or decrease in rate of gelation, correlates to a decrease in the storage modulus of the material. Once gelled at 37°C at any of the explored conditions, a complex network of nanoscale fibers is formed with a mean fiber diameter in the range of 100 nm. By increasing material concentration there is an increase in the complex viscosity of the liquid suspension and the storage modulus once gelled. These parameters could therefore be modulated to tailor the myocardial ECM hydrogels for both in vitro and in vivo applications. SEM images of the gels after 24 hours of incubation at 37°C. Left column is at 6 mg/ml and right column is at 8 mg/ml. Storage modulus (G') in pascals of the static gels after 24 hours gelation at 37°C. (a) pH 7.4 with salt concentrations of 0.5×, 1.0x, and 1.5× PBS. *p<0.05 (b) 1.0× PBS with pH of 7.4 and 8.5. One-way ANOVA for pH at 6 mg/ml (p=0.0012). Inner group significance for pH or salt concentration χ = p<0.05 compared to lower concentration. Complex viscosity of the myocardial matrix in liquid form in standard conditions at 25°C plotted over shear rate on a log-log scale. Turbidity results averaged per condition plotted over time for the gelation of the myocardial matrix at 37°C for 6 mg/ml. (a) Absorbance at 405nm. (b) Normalized absorbance at 405nm. Table 1 Average Fiber diameter of gels incubated at 37°C for 24 hours (nm). Table 2 Storage modulus (G') and loss modulus (G") of static gels after 24 hours gelation at 37°C. Table 3 Complex viscosity of the myocardial matrix material at 25°C for frequencies from 0.1-50 Hz. Table 4 Swelling ratio by mass after gelation at 37°C. 
